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TetrodotoxinAbstract Crude extracts were isolated from the ovary and mucus of the puffer ﬁsh Amblyrhynch-
otes hypselogenion and Lagocephalus sceleratus. The crude toxin extracts (from the ovaries of L.
sceleratus puffer ﬁsh (4.5, 9.0, and 18.0 g crude extract/100 g paint) and only one concentration
(3.0 g crude extract/100 g paint) from the skin mucus of A. hypselogenion puffer ﬁsh were mixed)
with an inert simple paint formulation (consists of (vinyl chloride–vinyl acetate) copolymer using
tricresyl phosphate as plasticizer. The viscosity of paints was adjusted using a blend of solvents con-
sisting of methyl isobutyl ketone and toluene) applied to poly vinyl chloride (PVC) plates and
exposed to Suez Gulf water for about 24 weeks. Percentage covers of fouling organisms on plates
were estimated for coated panels over six weeks, and the wet weight (gram/plate) of fouling
organisms on experimental plates was recorded till about 24 weeks. The percentage of plates coated
by formulation with (2007 for 24 weeks) the crude toxic extracts from the ovaries of L. sceleratus
and the mucus of A. hypselogenion ranged from 22% to 24% and 11% to 12%, respectively. The
wet weights of the plates covered by formulation with the same crude toxic extracts of the previous
two species were 124–147 g and 82–93 g, respectively. Antifouling properties were observed for the
extracts of the two species under investigation, however, extracts from A. hypselogenion showed
better properties.
ª 2014 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Biofouling is the settlement and subsequent growth of marine
organisms on submerged surfaces. Because these surfaces are
in many instances artiﬁcial, e.g., boat hulls, oil and gas
platforms, aquaculture nets and enclosures, fouling organisms
present a signiﬁcant problem to human activities in the marine
environment. The formation of fouling communities on boats
increases drag; reducing ship speed while increasing fuel costs
and dry dock time (Champ, 2000). Fouling of semi-permanent
Figure 2 The puffer ﬁsh, L. sceleratus.
Figure 1 The puffer ﬁsh, A. hypselogenion.
2 Y.A. Soliman et al.offshore structures increases structural loading and corrosion,
and fouling of nets and enclosures adds signiﬁcant costs to the
maintenance of aquaculture systems. The increased fuel usage,
dry-docking, structural inspection, maintenance, etc. resulting
from biofouling have been estimated to cost the world’s marine
industries over $3.5 billion dollars per year (Wolfram et al.,
1993).
Fouling is primarily combated by the use of antifouling
coatings which are applied to the surfaces of boats or other
marine structures. These coatings rely almost exclusively on
heavy metals particularly copper and tin based compounds
for their active ingredients. These compounds leach into the
water from the coating, killing fouling organisms. Unfortu-
nately, these compounds also kill non-target organisms in
the environment at large, and the general environmental effects
of these compounds are of worldwide concern (Dalley, 1989).
Tin based coatings are particularly toxic, and such coatings are
now partially (restricted to vessels >25 m in length in Europe
and parts of the USA) or totally banned (Japan) in the world’s
waterways. It is generally accepted that the use of tin (speciﬁ-
cally tributyl tin) based coatings will be completely banned in
most countries within the next 5–10 years (Yebra et al., 2004).
The demise of heavy-metal based antifouling coatings has
prompted the search for more environmentally benign antifo-
ulants, and one of the most promising alternative technologies
is the use of naturally occurring antifouling compounds
derived from natural metabolites from marine organisms
(Holmstrom and Kjelleberg, 1994).
Marine organisms such as seaweeds, sponges, etc. are also
submerged surfaces, and they must deter fouling of their
bodies to avoid increases in drag (and being pulled off the
bottom) or being smothered. It is now abundantly clear that
one of the ways in which marine organisms defend against
fouling is via the production of natural antifoulants. Because
these compounds already occur in nature, it is thought that
these natural metabolites will be less environmentally damag-
ing than the current heavy-metal based paints. A number of
metabolites or extracts from marine organisms with antifoul-
ing activities typically tested against barnacle larvae have
now been identiﬁed (Holmstrom and Kjelleberg 1994; Targett
et al., 1983; Standing et al., 1984; Rittschof et al., 1985;
Gerhardt et al., 1988; Keifer et al., 1986; Mary et al., 1993;
Maki et al., 1989; Holmstrom et al., 1992; Todd et al., 1993).
One of the promised as antifouling activity may be the puf-
fer ﬁshes crude extracts. Puffer ﬁsh are a part of a group called
tetrodotoxic ﬁshes. The ancient Chinese and Japanese were
aware of the toxin contained in puffer ﬁsh and used the
non-poisonous parts of the ﬁsh as a general health tonic.
Japanese researchers tested the crude puffer ﬁsh extract to
treat migraines and menstrual cramps. It is mainly found in
the ovaries, liver, and intestines of various species of puffer
ﬁsh, lesser amounts were found in the skin (Kao, 1966 and
Blankenship, 1976). The tetrodotoxin compound has been
obtained from an extract of puffer ﬁsh viscera in the form of
colorless crystal that are slightly soluble in water. The toxin
is unstable at pH levels above 8.5 and below 3 (Schantz,
1973 and Scheuer, 1977).
The effects of tetrodotoxin, have been tested experimentally
on a large variety of animal species such as crap, rat, Frog,
Rabbit, Dog and Cat (These effects involve primarily the
peripheral neuromuscular system, which is paralyzed to
different extents because of interference with generation andconduction of electrical impulses (Russell and Dart, 1991).
Tetrodotoxin is a highly potent emetic agent (Atwell and
Stutchbury, 1978; Mohamed, 2003). Therefore the objective
of this study is to explore in the presence of antifouling activity
the crude extracts of two Red Sea puffer ﬁsh species,
Lagocephalus sceleratus and Amblyrhynchotes hypselogenion.
Materials and methods
Puffer ﬁsh sampling and extraction procedure
Two species of Red Sea puffer ﬁshes L. sceleratus Fig. 1 and A.
hypselogenion Fig. 2, were chosen for the present study. The
crude bioactive materials from their ovaries and skin mucus
were isolated and their antifouling property was tested. The
samples were collected from the Red Sea ﬁshing ports and were
taken to the laboratory of NIOF (National Institute of Ocean-
ography and Fisheries) in Suez for immediate processing. The
ovaries of L. sceleratus were homogenized with 1% acetic acid.
The obtained homogenate was centrifuged at 2700 rm. Then
the pellet re-extracted twice with the same volume of 1% acetic
acid solution. The supernatant was concentrated under
reduced pressure and then defatted by shaking gently with
an equal volume of dichloromethane three times. The aqueous
layer was collected and concentrated under reduced pressure to
remove residual dichloromethane. The resulting crude extracts
were stored in a freezer till later testing.
Antifouling activity of crude extracts isolated from two Red Sea puffer ﬁshes 3The mucus of the puffer ﬁsh A. hypselogenion was collected
by scratching the skin surface using a suitable scraber. The
collected material from the skin surface was dissolved in 1%
acetic acid, frozen and then freeze dried.
Antifouling test
Paint preparation
The extracts, were mixed with simple paint formulation con-
sisting of (vinyl chloride–vinyl acetate) copolymer using tricre-
syl phosphate as plasticizer. The viscosity of paints was
adjusted using a blend of solvents consisting of methyl isobutyl
ketone and toluene. Different concentrations from the ovaries
of L. sceleratus puffer ﬁsh (4.5, 9.0, and 18.0 g crude extract/
100 g paint) and only one concentration (3.0 g crude extract/
100 g paint) from the skin mucus of A. hypselogenion puffer
ﬁsh were used to be mixed with the paint formulation of
non-toxic vinyl resin according to Van London (1973) to test
their antifouling activity. Table 1 shows the experimental de-
sign of the antifouling activity testing using unpainted, painted
without any crude extracts and painted plates containing the
crude extracts with different concentrations. The paint formu-
lations were prepared using a porcelain ball mill and one liter
porcelain jar. The milling process continued over a period of
two weeks. The paint formulations were applied on two Poly-
vinylchloride (PVC) substrates with 10 · 15 cm dimensions
(two plates, four sides) hanged to steel frame.
Panel preparation
0.3 mm thick sheets of impact resistant polyvinyl chloride were
cut to panel dimension of 15 · 10 cm. The edges were tabard
and the surface was roughed with sand paper to get suitable
roughness. The panels were coated delicately in front and back
with two successive coats of the prepared paints, allowed an
interval of 12 h between each coat. The coated panels were
connected to the testing cages with nylon threads thorough a
nail bored in the panel.
The listed plates were immersed vertically at 1.5 m depth in
Suez Gulf water during 2007 for 24 weeks. Water samples were
collected during the period of study from the surface water to
measure temperature, pH, DO, OOM and nutrients. The pH
was measured by a portable pH meter (Orion research model
210 digital). Dissolved oxygen was measured according to
Winkler method (1976). Oxidizable organic matter OOM
was determined according to the method reported by CarlbergTable 1 The experimental design of the antifouling activity.
Plate code Type of plates
Uncoated plate PVC plate without paint formulation and crudes
Control plate PVC plate coated with formulation without crud
AF1 The PVC plate painted with formulation based on
L. sceleratus
AF2 The PVC plate painted with formulation based o
puﬀer ﬁsh A. hypselogenion
AF3 The PVC plate painted with formulation based on
L. sceleratus
AF4 The PVC plate painted with formulation based on
L. sceleratus(1972). Ammonia, phosphate, nitrite and nitrate were analyzed
spectrophotometrically according to Grasshoff (1976).
Settlement of fouling organisms was measured as percent
cover on the front and back sides of each immersed plate using
Dot-grid estimate method (Foster et al., 1991). The outline of a
panel was traced onto a clear transparency sheet and the area
within was marked in a dot grid with all points 1 cm apart. The
sheet was then ﬁlled over both sides of each plate and the
number of points with organisms underneath was recorded.
Percentage cover was then calculated by dividing recorded
points by total number of points. The wet weight of fouling
on the plates was measured over interval periods. To prevent
the fouling organisms from dying, the plates were kept in a
large container full off seawater during measurements.
Statistical analysis
Field data were analyzed as the number of dots covered by
fouling. Univariate analysis of variance (ANOVA) was per-
formed on all data. All statistics were done using Statistica
7.0 computer program.
Results
The activity of antifouling characteristics of the crude extracts
from the puffer ﬁshes under study was estimated using the
total cover percent and wet weight of fouling the control
panels (Figs. 3 and 4).
After one week of immersion in seawater, fouling cover was
signiﬁcantly greater (P< 0.001), ANOVA) on the plate for-
mulations AF2 and AF4 related to the control plate. At this
time high incidence of microorganisms (bioﬁlm) consisting of
bacteria, diatoms, phytoplankton, zooplankton and micro
algae, on all plates were noticed especially the uncoated and
control.
After two weeks of immersion in seawater, settlement of
bioﬁlm became obvious on all tested plates and silt layer on
plate AF2 was observed over the bioﬁlm layer. Plates AF1
and AF4 showed fouling cover signiﬁcantly lower than that
in the other treatments (P< 0.001, ANOVA). The wet weight
of fouling organisms at this time ranged between 2 and
11 grams/plate. Maximum fouling weights were found on
untreated and control plates while the minimum wet weights
were recorded on the two painted plates AF1 and AF4 which
appear to have a high potential in preventing settlement andCrude extract
concentration
(g/100 g paint)
–
e extracts –
the crude extract from the ovary of puﬀer ﬁsh 4.5
n the crude extract from the skin mucus of 3.0
the crude extract from the ovary of puﬀer ﬁsh 9.0
the crude extract from the ovary of puﬀer ﬁsh 18.0
(A) After one week exposure (N=4)
Co
ve
rin
g 
pe
rc
en
t (
%
)
Uncoated
Control
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
(B) After two weeks exposure (N=4)
Ucoated
Control
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
(C) After three weeks exposure (N=4)
Co
ve
rin
g 
pe
rc
en
t (
%
)
Uncoated
Conreol
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
(D) After foure weeks exposure (N=4)
Uncoated
Control
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
(E) After five weeks exposure (N=4)
Co
ve
rin
g 
pe
rc
en
t (
%
)
Uncoated
Control
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
(F) After six weeks exposure (N=4)
Uncoated
Control
AF1
AF2
AF3
AF4
10
20
30
40
50
60
70
80
90
100
Figure 3 Percentage cover (%) of fouling on experimental plates. All results are mean values of four replicated, vertical
bare = means + Standard deviation.
4 Y.A. Soliman et al.growth of macro fouling and considered very poor in compar-
ison to the other plates (untreated, control, as AF2 and AF3)
as shown in (Figs. 3 and 4).
After three weeks of immersion, the unsticky silt layer on the
plate coated with formulation based on the crude extract from
the skin mucus of puffer ﬁsh A. hypselogenion (AF2) come falldown into the seawater and substantial differences in macro
fouling coverage were seen on panels coated with formulation
based on the crude extract from the ovary of puffer ﬁsh L.
sceleratus and formulation based on the crude extract from
the ovary of puffer ﬁsh L. sceleratus. A layer of macroscopic
fouling organisms covered about 48%, 45%, 24% and 22%
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Figure 4 Wet weight (gram/plate) of settled fouling on exper-
imental plates in Suez bay water during 2007.
Figure 5 Front and back view of settled fouling on experimental
plates in Suez bay water during 2007.
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of them being algae, tube worms, hydroids and ascidians, while
the plates AF2 and AF4 recorded the lowest average cover
percent (11% and 12%) in comparison with control plate
(P< 0.001, ANOVA).
After four weeks of immersion, the same trend was contin-
ued and the paints based on the ovary crude extracts seemed
to attract more fouling relative to the paint surfaces based
on the mucus crude extracts but lesser fouling than the control
and uncoated plates. The uncoated and control plates nearly
attracted about 18 g of (wet weight) fouling for each while
AF2 and AF4 attracted about 3 and 4.1 g of fouling most of
them being algae, tube worms and hydroids.
After ﬁve and six weeks of immersion, still signiﬁcant anti-
fouling activity (P< 0.0002, ANOVA) was noted on plates
AF2 and AF4 relative to the control exhibiting the strongest
antifouling activity.
After 12 weeks of immersion, the fouling on plates AF1,
AF2, AF3, and AF4 was light quantitatively and qualitatively
compared with the uncoated and control plates, the wet
weights of fouling reached about 235, 238,147, 93, 124 and
82 g on uncoated, control, AF1, AF2, AF3, and AF4,
respectively.
After 20 weeks of immersion, the fouling covered about 90%
of the area of AF1–AF4 plates while the uncoated and control
plates were completely fouled especially with balanus and tube
worms. The largest accumulation of wet weight of fouling
organisms was found on uncoated plate (365 g) while the
lowest wet weight was found on plate AF4 (142 g) as shown
in Fig. 4.
After 24 weeks of immersion, Fig. 4 shows that AF2 and
AF4 coated panel paint containing the powder crude extract
of puffer ﬁsh recorded the best antifouling potential. Unfortu-
nately as a result of bad conditions in the Suez Bay water, one
frame was lost and also the camera containing the photos be-
sides AF1, AF2 and AF4 plates from the second frame in sea-
water but we took some photos by another camera for the
remaining plates before we terminated the experiment Fig. 5.
At this time, the uncoated and AF1 plates were extensively
fouled (nearly completely fouled) by algae and invertebrates,
most of them being balanus and tube worms. The most
interesting feature of these plates was the disappearance of
tube worms from the AF4 plate which still appeared a big
resistance to all kinds of fouling organisms except barnacles
to some extent. The existence of balanus only on AF4 plate
suggests the presence of a kind of speciﬁc antifouling activity,
as shown as in Fig. 4.
The seawater characteristics during the exposure date in the
Suez Bay water were analyzed. Water temperature varied
between 22.75 and 23.00 C, a narrow range of pH values
(hydrogen ion concentration) was detected being 8.17 and
8.28, while the salinity of the Suez Bay water ranged between
41.20 and 42.22 cpu. The Suez Bay water is considered as well
oxygenated water where the dissolved oxygen lies between 8.12
and 10.17 mg 02/l. The Suez Bay, like most of the semi
enclosed bays, the presence of the organic materials depends
on the organic supply introduced into it and the self
puriﬁcation process, so the oxidizable organic matter content
(0.65–0.96 mg 02/l) may be due to sewage efﬂuents. With
respect to nutrients, the most important forms of inorganic
nitrogen in seawater are ammonia nitrite and nitrate and
the concentrations of these parameters lie in the ranges5.68–12.13, 1.88–3.23 and 8.18–17.85 lg-at/l, respectively.
Phosphate, on the other hand, showed irregular variation dur-
ing the period of exposure where their values ranged between
0.48 and 2.56 lg-at/l (Table 2).
Table 2 Characteristics of Suez Bay water during the period of test (2007).
Parameter T (C) pH S (&) OOM (mg/l) DO (mg/l) NO2–N (lg-at/l) NO3–N (lg-at/l) NH3–N (lg-at/l) PO4–N (lg-at/l)
Week
One 23.00 8.22 41.99 0.77 8.12 1.88 8.18 5.99 0.48
Two 23.00 8.19 42.22 0.88 10.17 1.94 9.76 6.22 0.53
Four 22.75 8.17 42.04 0.76 9.88 2.12 10.92 5.68 0.72
Twelve 22.88 8.28 41.63 0.65 8.76 3.23 17.85 12.13 2.56
Twenty 23.00 8.22 41.49 0.91 8.91 2.98 16.64 9.64 1.87
Twenty-four 23.00 8.15 41.20 0.96 8.99 2.42 13.07 7.69 1.36
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Although the screening for new antifouling compounds using
laboratory based bioassays can be a useful and quite reliable
method, the ecological signiﬁcance of laboratory bioassays
appears to be very limited and should be conﬁrmed by
subsequent ﬁeld experiments.
The ﬁeld experiments give the durability of the coated
plates under service condition that include wind, chemical
attack of polluted water and biological attack of marine life.
The main fouling organisms which are present in the water
of SuezBay are barnacles, tube worms, ascidians, bryozoans
and algae.
Although, there are some reports of paint formulations
incorporating characterized natural products (Shin and Smith,
2001), studies using extracts from poison ﬁsh are rare. Extracts
of the pansy, Renilla reniformis, added to commercially
available paint and encapsulated in metallic microtubules
(Price et al., 1994) were effective in controlling biofouling over
short periods in the marine environment. Paint formulations
incorporating extracts of sponges were also active in barnacle
settling assays (Willemsen and Ferrari, 1993) and in a separate
study, extracts of sponges and a gorgonian were shown to be
active against tube worms when mixed with abietic acid and
coated onto panels (Bakus et al., 1994). Metabolites extracted
from ﬁsh, sea snakes, and aquatic mammals are scanty
throughout the world; about 500 species of ﬁsh are considered
toxic. The most important toxin extracted from puffer ﬁsh is
tetrodotoxin and many other marine organisms have drawn
attention for their biological activities. The isolated mucus
crude toxin from the surface of ﬁsh in the present study
showed good antifouling activity, this may be reﬂect the
biological effects of this toxin and indicated that, the chemical
defense is not the only factor which controls the growth in
invertebrates (Wahl, 1989), but also mucus has been shown
to play an important role in impeding bacterial attachment
as well as microbial growth, this strategy may represent an
important means of limiting later successional fouling stages
through prevention of surface conditioning by early succes-
sional stage bacteria (Wahl, 1989; Wahl et al., 1994).The his-
tory of tetrodotoxin poisoning has been reviewed in some
detail by Kao (1966). These effects involve primarily the
peripheral neuromuscular system, which is paralyzed to differ-
ent extents because of interference with generation and
conduction of electrical impulses by blocking selectively the
sodium channel through which the downhill movement of
sodium ions accounts for the initiation of the electrical impulse
(Narahashi et al., 1994).This may be the ﬁrst report describing
the antifouling activity of these extracts. This broad range ofbiological activities of extracts against a range of target
organisms depends on the rate of release of toxin in seawater
from the paint surface.
Conclusion
Our results suggest that, mucus powder extracts incorporated
in simple paint formulations showed signiﬁcant differences in
percent cover in the ﬁrst six weeks when compared to the other
plates suggesting that the mucus crude extracts of the Red Sea
puffer ﬁshes, A. hypselogenion and L. sceleratus (Figs. 1 and 2)
seem to have antifouling properties, this is in agreement with
the few other studies on the antifouling abilities of marine
organisms such as sponges, bacteria, bryozoans, algae and
octocorals (e.g., Faulkner,1991).
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